Fine roots in forest soils have important implications for global carbon (C) balance, but processes underlying this C sink are not well understood. This study evaluates year round dynamics of fine roots in a tropical dry mixed evergreen forest and an arboretum in the dry zone of Sri Lanka. Monthly soil core samples (up to 25 cm depth) were collected randomly to cover a whole annual cycle of the two sites. The soils were air dried, sieved (< 2 mm), and fine roots (≤ 2 mm) were separated by handpicking coupled with a water floating technique. Then, fine root biomass and C density were calculated using oven dry weight. Annual mean fine root biomass of the dry zone forest and the arboretum were found to be 5.72 ± 0.57 t/ha and 7.88 ± 0.81 t/ha, respectively, with C densities of 2.69 ± 0.27 t/ha and 3.7 ± 0.38 t/ha, respectively. Thus, dry zone arboretum showed a higher growth and biomass, and hence a C pool of fine roots, than the dry zone forest, possibly due to a younger forest stand with fast fine root turnover rate. In both sites during the dry spell, there was an increased production of fine roots and a simultaneous leaf flush on the canopy with a green-up. The increased fine root growth during the dry season generally allows the trees to absorb more water under water-stressed situations. These events may be due to an undisclosed survival mechanism of such ecosystems under drought, which needs further studies.
Introduction
Fine roots (diameter < 2 mm) have important implications for the global C balance, but the processes underlying this C sink are not well understood (Vargas and Allen, 2008) . Although fine roots represent only a small fraction (ca. 5%) of the total tree biomass, they can consume about 30 to 50% of the annual primary production (Jackson et al., 1997) and are a major contributor to organic matter and mineral nutrient cycles. Other functions of fine roots include anchorage, absorption of water, and synthesis of various essential compounds such as growth regulators (Upadhaya et al., 2005 Fine roots, existing as a root mat in the surface soil, are a common feature of tropical forests. They act as a safety net for conserving soil nutrients (Seneviratne et al., 2006) . Fast growth and turnover of fine roots make the fine root system a dynamic component of the forest C cycle (Rasse et al., 2005) . Fine root biomass is an important parameter related to C allocation and turnover at the ecosystem level (Jackson et al., 1997; Nepstad et al., 1994) . Jackson et al. (1997) estimated that globally, about 20 Gt C is stored in living fine roots. About 30% of that is contained within tropical forests. Factors such as soil temperature, moisture, and nutrient availability control growth and turnover of fine roots (Pregitzer, 2002) . Hence, forest floor litter accumulation plays an important role in growth and turnover of fine roots. Therefore, there is an annual pattern of fine root dynamics that regulates soil C turnover and sequestration. To understand soil C sequestration of the forest ecosystems, it is thus necessary to conduct detailed studies of fine roots with extensive sampling.
The dry zone of Sri Lanka represents 80% of its land mass (Perera, 2001) . Eighty percent of the dry zone is covered by forests, which are called "secondary old climax vegetations" or "dry mixed evergreen forests" (Dittus, 1985) . Thus, the dry zone plays an important role in the C sequestration. However, there are no proper studies conducted to investigate fine root dynamics in the dry zone. Therefore, the present study was planned to examine the annual growth pattern of fine roots in the dry zone vegetations of Sri Lanka.
Materials and Methods

Study sites
Representative sampling sites were selected from a dry zone forest (Sigiriya sanctuary) and a dry zone arboretum of Sri Lanka. The arboretum, which represents a dry-mixed evergreen forest (Cramer, 1993) was selected, because we were interested to know how close a silviculturally-managed forest to a natural forest for supporting C sequestration. Although, a natural forest corresponds to an old growth forest, a silviculturally managed forest also represents a closed canopy with high species composition similar to a natural forest (Cramer, 1993; Perera, 2001; Dilhan, 2006) .Thus, we assumed that the light penetration to the forest floor and soil temperature between the two sites are comparable. It is reported that fine root growth is governed by soil temperature when it fluctuates sharply during day and night with night temperatures below 17 o C, but soil moisture becomes the determinant factor above that temperature (Teskey and Hinekley, 1981; Pregitzer et al., 2000) . Thus, in dry tropical forests in general, soil moisture is considered to be the determinant of fine root growth (Yavitt and Wright, 2001 ).
Study sites with similar slope (almost flat terrain at 185 -215 m elevation) were selected from both sites. The sanctuary surrounds the ancient rock fortress of Sigiriya, an archeologically important world heritage site at 150 m altitude. In the 1990's, it was declared a sanctuary with 5,099 hectares (Green, 1990) . It is composed of understory plants (< 10 cm DBH) of 81 species representing 73 genera and 37 families (Solangaarachchi and Perera, 1993) . The canopy of the forest is somewhat discontinuous and approximately 15-18 m in height. Sigiriya sanctuary is a secondary naturalized forest due to "Swidden" agriculture (Perera, 2001) . The initial soil properties of Sigiriya sanctuary were recorded during the dry spell of 2007 by Kuruppuarachchi (2011) as, soil temperature (25-32 o C), moisture (10.04% ± 4.5), pH (6.19 ± 0.38), soil organic carbon (1.48 % ± 0.25), total N (0.10% ± 0.02), NH 4 + -N (0.03 µg/g soil ± 0.01), NO 3 --N (0.182 µg/g soil ± 0.01), and bulk density (1.40 g/cm 3 ± 0.28).
The arboretum (5º 54ˈ N -9º 52ˈ N and 79º 39ˈ E -81º 53ˈ E) is situated in Dambulla, which is located in the dry heartland of Sri Lanka. This is the only dry zone arboretum in Sri Lanka that is used as a living museum, a shelter for tropical trees that provides refuge for wildlife (Dilhan et al., 2010) . The arboretum was silviculturaly managed to form a natural forest. The arboretum is covered by different vegetation types such as dry mixed evergreen forest, woodland, and scrubland. The variety of habitats contributes to increased biodiversity of the arboretum, comprising 192 plant species, 72 bird species and 35 types of butterflies (Cramer, 1993; Dilhan et al., 2010) . The initial soil properties of the arboretum were recorded during the dry spell of 2007 by Kuruppuarachchi (2011) 
Sampling
A plot of 20 m x 20 m was demarcated in the two sites for sampling. Monthly, twenty soil core samples, to a depth of 25 cm, were taken randomly to cover a whole annual cycle from January to December 2007. Then, the samples were air dried and sieved (< 2 mm). Fine roots (≤ 2 mm diameter) on the sieve were handpicked. Fine roots in < 2 mm soil fraction were collected using a magnifying glass. Very fine root fraction was separated by the water floating technique (Anderson and Ingram, 1998) . Then, all the fine root fractions were amalgamated and oven dried at 60 o C to a constant weight (Hodge et al., 2000) . Total fine root biomass was calculated as a percentage of soil weight using the following equation. Density of fine root biomass was calculated as root weight per square meter using soil bulk density, and C density was considered as 50% of fine root density (IPCC, 2006) . Fine root biomass and C density were expressed as weight in tons per hectare.
Fine root biomass (%) = (Oven-dried fine root weight/Oven-dried (105 o C) soil weight) × 100
Fourier transform infrared spectroscopy (FTIR) spectra were obtained of KBr pellets, formed by the dried soil samples with KBr 1 to 50 ratios. The pellet was analyzed under 4000-400 cm -1 wave number range with a resolution of 4 cm -1 . Each spectrum was composed of 64 scans coded before Fourier transforms processing. The OMNIC © version 6.1 -windows (Thermo Nicolete Corp.) on the reduced portions of the spectra (4000-400 cm -1 ) was used. FTIR peaks representing different chemical bonds of active groups in natural molecules were identified using the software and literature (Lammers et al., 2009; Celi et al., 2010) .
Results and Discussion
Annual mean fine root biomass of the dry zone forest and the arboretum were found to be 5.72 ± 0.57 t/ha (2.69 ± 0.27 tC/ha), 7.88 ± 0.81 t/ha (3.70 ± 0.38 tC/ha), respectively. The average standing fine root biomass (0-50 cm depth) in global tropical forests has been reported to be 4.51 ± 0. 45 t/ha (Hertel and Leuschner, 2005) , and it increases with the altitude (Cairns et al., 1997) . However, in Amazonian forests, fine root growth up to 8.06 t/ha has been reported (Cuevas and Medina, 1988) , which is comparable with our study. Generally, root biomass can differ largely between stands depending on tree species, soil conditions, and profile depth. The higher fine root growth, particularly in the arboretum, may be due to silvicultural management of the site, which has contributed to comparatively higher fine root C sequestration.
Maximum fine root growth was observed during the dry spell in August in both sites (Fig. 1) . This allows the trees to absorb more water from water stressed soil. Nutrients required to grow the roots during the drought were likely supplied from the decomposition of soil labile C, as reflected by the reduction of the C fraction (aliphatic C-H vibration peaks at 2924 cm −1 ) in the FTIR spectral data (Fig. 2) . With the commencement of rain in September, the root biomass started to drop sharply due to decomposition in the dry zone forest, but not in the arboretum. Fresh C leaching to the sub soil from the decomposing fine roots, as well as the floor litter layer (Fontaine et al., 2007) during the rainy period of the dry zone forest, has apparently contributed to the decomposition of stable C fractions (aromatic C-H ,vibration peaks at 1618 cm -1 and 3414 cm -1 ), as evident from the FTIR spectral data. In January, there was a relatively high fine root biomass in the arboretum compared to the dry zone forest. The fine roots occurring mainly in the upper soil horizons represent the most dynamic part of the root system (Cairns et al., 1997) . Roots can respond to both internal and external controls such as temperature and water availability. Fine root longevity depends on species, climate, and soil conditions and can range from weeks to several years. However, factors controlling root dynamics are still poorly understood (Hendrick and Pregitzer, 1996) .
From the satellite data, it was observed that there was a leaf flush with canopy green-up in the dry zone forest (Figure 3) .However, in the arboretum a leaf flush was not visible due to small size of the site. An unusual above ground leaf flush has also been observed in Amazon forests in an extreme drought (Berlin et al., 2000; Saleska et al., 2007) . Pau et al. (2010) have also identified Hawaiian rainforest greenup in responses to seasonal and El Niño-driven droughts. Nutrients required to grow the canopy during the drought may also have been supplied from the soil labile C decomposition, as mentioned above. 
